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I 

; 

SPECIFICATION 

1. Title of the Invention 

Fl[»AT— PANEL DISPLAY DEVICE 

2. Claims 

it) A flat-panel display device, comprising a group of 
hot catihodes arranged regularly to substantially form a 
plane, a group of insulating spacers and a group of planar 
electrddes having holes at positions corresponding to 
respective hot cathodes in said group of hot cathodes and 
stacked alternately, and a flat panel having a fluorescent 

i 

plane ijaid on the last electrode of said group of planar 
electrodes through an insulating spacer, wherein means 
capable of preventing a drift phenomenon is provided in at 
least one of said group of insulating spacers between said 
hot cathodes and said fluorescent plane. 

(2) A flat-panel display device according to claim 1, 
wherein 1 said means capable of preventing the drift 
phenomenon is to impart a predetermined electric 
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conductivity to wall surfaces of said holes of said 

I '. 
insulating spacers. 

• (3) A flat-panel display device according to claim 1, 
wherein said means capable of preventing the drift 
phenomenon is to give a predetermined resistance value to 
said * insulating spacers and to impart a predetermined 
electric conductivity to wall surfaces of said holes of said 
insulating spacers. 

| (4) A flat-panel display device according to claim 1„ 
wherein said means for preventing the drift phenomenon is to 
form a tin oxide film on the surface of said insulating 
spacers including said holes and to give a predetermined 
electiric conductivity to wall surfaces of said holes of said 
insulating spacers. 

j (5) A flat-panel display device according to one of 

! 
> 

claims 2 to 4, wherein said predetermined electric 
conductivity allows a current within a range of lOjlA to 
O.OOljiA to flow through the wall surfaces of corresponding 
hole^ of said insulating spacers when 10V is applied between 
said (electrodes sandwiching said insulating spacers. 
3. Ddtailed Description of the Invention 

!The present invention relates to a flat-panel display 
devide utilizing thermoelectronic emission, and more 
particularly, to an electronically accelerated flat-panel 
display device which controls and accelerates electron beams 
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emitted from a group of hot cathodes by a group of planar 
electrodes having a lot of holes, and makes predetermined 
pixels on a flat fluorescent plane emit light. 

! Conventionally, a cathode ray tube is mainly used in a 
display device for. television or display of various 

i 

characters and figures. Although the display with the 

cathdde ray tube is excellent in brightness , response speed, 

i 

simplicity of scanning, resolution and the like, it has the 

disadvantages of a large depth in comparison with its image 

t • 

area Jand a relatively short useful life. 

Jin recent years, since a small-power electron tube for 
signsjl amplification was replaced with a semiconductor 
devide, it has been widely expected that the cathode ray 
tube jwill be also replaced with a solid display device, 
similar to the semiconductor, which overcomes the above- 
mentiloned disadvantages. A device utilizing the electro- 
lumirle scence phenomenon has been studied for many years as 
the cjlosest device to the solid display device, and has been 
partijally put into practical use. Furthermore, liquid 
crystjal, electrochromics and the like have been developed 
such jas to be applied to a flat-panel display device. A 
devicje, which does not use these solid and liquid, but uses 
plasmja discharge in a vacuum envelope for light emission in 
a similar manner to the cathode ray tube, has been also 
develbped as a flat-panel display device, and particularly, 



j 

J 



put Into practical use to display characters. 

| However, the above-mentioned potent flat-panel display 

i 

devifce clearly differs from the cathode ray tube in 
performance such as light emission efficiency and response 
spee<ji, and cannot substitute for the cathode ray tube as a 
display device for television which requires the highest 
performance. On the other hand, under the existing 
circumstances, the demand for a flat-panel display device 
having a higher performance and a larger screen than before 
has Increased with the advance of information associated 
withithe increasing range of uses for computers and the 
increase in performance of television broadcasting. 

An electronically accelerated flat-panel display device 
has 4 basic structure disclosed in, for example, U.S. 
Patents Nos. 2965801, 3408532, and 3935500. In this 
structure, a plane electron emission source is provided, 
electjron beams are emitted from the electron emission source 

into ja vacuum, and controlled by the combination of voltages 

j 

applied to a group of planar electrodes having a lot of 

i 

holes, given energy by being accelerated by an acceleration 

voltajge to be applied in the later step, and made to impinge 

i 

against predetermined pixels on a flat fluorescent plane 
oppos^ed'to the plane electron emission source, thereby 
makinjg the pixels emit light. These basic materials and 

i 

physical principle are equivalent to the cathode ray tube in 
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I 

that| accelerated electron beams make the fluorescence plane 
emit; light, while the aforesaid electroluminescence and the 
like! need to wait for future development of innovative 
materials, this flat-panel display device is, at present, 
the jmly device that can take pver and achieve high light 
emission efficiency of the cathode ray tube. As a 
conventional electronically accelerated flat-panel display 
devi<te, a cold cathode, a hot cathode shaped like a thin 
film belt on an insulating substrate, and the like are used 
and tlhese have problems in reliability, power consumption, 
driving method and so on. Although a small-screen flat- 

i 

panel display device has been prototyped experimentally, 
cathode ray tubes are now still mainly used in a black-and- 
whit«j television device, a color television device and other 
image 1 display devices of a computer device and the like . 

I The present invention has been made in view of the 
abovej-mentioned various problems, and an object thereof is 

i 

to ptjovide a flat-panel display device which has advantages 
of hijgh reliability, small power consumption and easy 
driving and is suitable for large-screen display. 

iln other words, a flat-panel display device of the 
present invention comprises a group of hot cathodes laid on 
a reat substrate through a spacer and arranged regularly to 
substantially form a plane, a group of planar electrodes 
having holes at positions corresponding to respective hot 
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cathobes in the group of hot cathodes and laid one on 

i 1 
anothfer through platelike insulating spacers with holes , and 

i 

a flab panel laid on the last one of the group of planar 
electrodes through rodlike insulating spacers and having a 
f luorb scent plane adhering thereto, wherein thermoelectrons 
emitted from the respective hot cathodes are controlled and 

accelierated by the group of planar electrodes to make 

t 

predetermined pixels on the fluorescent plane emit light, 

and what is called a drift phenomenon causing variation in 

I 

contrbl voltages of first and second electrodes, opposed to 
the glroup of hot cathodes, with operating time during 
operation of the flat-panel display device is prevented. 

An embodiment of £ flat-panel display device according 
to thje present invention will now be described in detail. 

i 

|Fig. 1 is an outward perspective view of a large-screen 
flat-jpanel display device (1) having a width across corners 
of abbut 1.2m, which comprises a protecting plate (2) formed 

i 

by a ^transparent plastic plate, a glass plate or the like 

i 
i 

and Uocated on a flat panel having a fluorescent plane 
adherling inside thereof, a support member (3) shaped like a 

i 

pictujre frame on the periphery of the protecting plate (2), 
and attachment hole portions (5) provided on a flange 

portijon*(4) of the support member (3). 

I 

j*The internal structure will now be described with 
reference to Figs. 2 and 3. In the flat-panel display 
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devide (1), a spacer (9) is fixed to a rear substrate (8) 
made jof a metal plate or the like for forming a rear 
envelope, by which a : space for getter is formed. A support 
plate! (10) having holes (10a) and made of metal or the like 
and ajn insulating support plate (11) made of an inorganic 
material such as glass and having holes (11a) are laid on 
the spacer (9) . Heater support members (12) are provided 
betwejen pixels of the second insulating support member (11), 
which! will be described later, and each composed of two 
ribbohlike supporters (12a) and (12b) at least one of which 
being* made of a conductive member. One of the supporters 
(12a) is fixed to the second support member (11) by 

i 

unillustrated soldering glass. The supporters (12a) and 

constitute feeder electrodes for heating hot cathodes 
(referred to as M coil heaters" hereinafter) formed by 
applying a thermoelectronic emission substance on at least 
predetermined portions of coil heaters of about 2.6*lm<|>, and 
spatially support the coil heaters (13) . In this case, a 
voltage between both ends of each coil heater (13) is about 
0.5V, | an extremely lower voltage than before, which is 
suitable for IC drive and consumes only small power. 

\ first platelike insulating spacer (15) made of an 
inorganic substance and having holes at positions 
corresponding to effective portions of the coil heaters (13) 



(12b) 
(13) 
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is provided on the coil heaters 13, and a lot of ribbonlike 
first electrodes (16) are independently arranged on the 

i . 

first platelike insulating spacer (15) in the vertical (Y) 

direction of the flat-panel display device (1) to form a 

i 

planar electrode. . The first eiectrodes (16) have holes 
t 
i 

U6a>, which have a little smaller diameter than the holes 

i 

of the first platelike insulating spacer (15), at positions 

I 

corresponding to the effective portions of the coil heaters 



(13)L 



* A second platelike insulating spacer (17) similar to 
the above-mentioned first platelike insulating spacer (15) 
is l£id on the planar electrode formed by the first 
electrodes (16), and a lot of ribbonlike second electrodes 
(18)! are independently arranged on the second platelike 
insulating spacer (17) in the horizontal (X) direction of 
the tlat-panel display device (1) to form a planar 
electrode. The second electrodes (18) have holes (18a) 
similar to the aforesaid holes (16a) of the second 
electrodes (16) . 

| A third planar electrode (20) having holes (20a) at 
positions corresponding to the holes (18a) of the second 
electrodes (18) is laid on the planar electrode formed by 
the £ecbnd electrodes (18) through a third platelike 
insulating spacer (19). having a lot of holes (19a) • 

Finally, a glass plate (25) having a fluorescent plane 



(23) ;adhering to the inner surface thereof through a metal- 

i 

backed layer (22) to form pixels (24) is laid on the third 

j 

electjrode (20) through fourth rodlike insulating spacers 

i 

(21) H The number of the pixels (24) and the number of the 
holes! between the coil heaters (13) and the third electrode 
(20) jcorresponding to the pixels (24) each are about 250KP 

in bllack-and-white display, and about 750KP in color 

i 

displjay . 

|The above-structured flat-panel display device (1) has 
the sjimplest electronic acceleration structure, in which 
pixe and cathodes are in a one-to-one correspondence 
theonbelectrons from the coil heaters 13 are controlled by 
the fjirst electrodes (16), the second electrodes (18) and 
the third electrode (20), accelerated by the third electrode 
(20) and the metal-backed layer (22) to which high voltage 
is applied, and made to impinge on the pixels (24) made of a 
fluorjescent substance. 

When such a flat-panel display device is operated, what 
is called the drift phenomenon, in which control voltages by 
the fjirst electrodes (16) and the second electrodes (18) 
vary j*ith the lighting time, is sometimes found. Fig. 4 
shows | this phenomenon. When the voltage of the first 
elect jrodes (16) is indicated by the vertical axis and the 
voltage of the second electrodes (18) is indicated by the 
horizontal axis, what is called the cut-off characteristic 
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i 

in wliich electron flow does not reach the fluorescent plane 
is shown by a line (a-a) immediately after lighting, when 
the fighting operation is continued for ten minutes, the 
cut-off voltage approaches zero as shown by a line (a' -a'). 
Furthermore, when the passage of all currents is stopped, 
the sjtop state is held for more than ten minutes, and then, 
the device is operated again, the characteristic recovers tc 
the characteristic shown by the line (a-a) . The 
investigation of this cause resulted in the discovery that 
electirons adhere onto walls of the holes (15a), (17a) and 
(19a)j of the insulating spacers (15), (17) and (19) between 
the electrodes from the coil heaters (13) to the third 
electlrode, and change space charge, and the cut-off voltage 
is thlereby drifted. In other words, when the operating 
statej is held, since electrons are filled on the walls and a 
force! for repelling the flow of electron current acts, the 
cut-off voltage falls . On the other hand, when a non- 
operation state is held, the electrons on the walls 
disappear slowly, and the cut-off characteristic recovers. 
It wajs realized that the drift phenomenon is avoided by 
makinjg the inner walls of at least the holes (15a), (17a) 
and (Il9a) of the insulating spacers (15), (17) and (19) a 
littlle eonductive as a countermeasure to promptly remove the 

adherjing electrons. 

! 

jWhen at least the inner walls of the holes (15a), (17a) 
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and (fl9a) of the insulating spacers (15), (17) and (19) are 

i : 

thus bade conductive, leakage current between the electrodes 
increases by an amount corresponding to the conductivity. 
Howevjer, as a result of experiments it was verified that, if 
the adjacency of one hole between the coil heaters (13) and 
the third electrode (20) is regarded as one electron gun, 
the operation characteristic of the flat-panel display 

i 

devicje (1) is prevented from bad influences by setting the 
leakajge current between opposed electrodes or between, the 
electjrode and the cathode at less than 10JIA. 

|The effects of imparting conductivity to the inner 
walls of at least the holes (15a), (17a) and (19a) of the 
insulJating spacers (15), (17) and (19) or the insulating 

i 

spacers (15) , (17) and (19) themselves are found almost 

i 

equiv|alently between the coil heaters (13) and the first 

electjrodes (16), between the first electrodes (16) and the 

j 

seconjd electrodes (18) and between the second electrodes 
(18) land the third electrode (20) . Therefore, it is 
pref ejrable to apply this to all of these components . 
Howevjer, even an application to, for example, only between 
the coil heaters (13) and the first electrodes (16) has an 
ef fecit in decreasing the drift./ In this case, if the 
-insuljatlng spacer^/ (21) betweext the third electrode (20) and 

i 

the njetal-backed layer (23) (as an accelerating electrode^ are 

also imade conductive, the deflection of the electron flow 

| 

i 
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due tjo the surface charge is elirainated\and a good influence 

can ije exerted on image quality . \ I 

|As a means for making the above-mentioned insulating 

spacers a little conductive, for example, electronically 

t * 
i 

conductive glass or ceramics may be used as insulating 
spacers. However, as a component of the flat-panel display 
devicje which requires a large area and fine working, it is 
more jrealistic to form conductive films on inner walls of 
holes! of an insulating spacer made of normal glass or. the 
likej ' Experiments revealed that a conductive film mainly 
containing tin oxide served this purpose. As a method of 
formijng this conductive film, for example, a glass 
insullating spacer having a lot of holes may be soaked in a 
butanol solution of octyl tin (a concentration of 
approximately 0.1M/1), pulled up slowly, dried, and then, 
calci|ned at 450 *C in an air atmosphere . In this method, the 
resistance of the wall of the hole having a diameter of 
0.5mn|<{> and a thickness of 0.3mm was 10 6 £2 to 10i°ft. When 10V 

was ajpplied, a current value of 10 to O.OOljlA was obtained. 
Otherj materials such as S„-S b and S„-I n could obtain similar 

resuljts. In this case, an organometallic salt, such as a 

I 

butoxjy compound, was added as an additive component to the 

i 

aforejsaid tin solution by an amount within a range to 
0 . 05H/Kg . 
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hs another means for obtaining the above conductive 



film r 



for example, an oxide film is formed by applying vapor 

from tin chloride or an organic compound to an insulating 

spacefc having heated holes to be decomposed. Since the 

resistance frequently becomes too low in this case, it is 
i 

necessary to strictly manage the composition and adhesion 

I 

condition of the film* 

: 
I 

fi flat-panel display device assembled by using the 

insulating spacer thus obtained caused no drift phenomenon 

i 

of thfe cut-off characteristic and could obtain a display of 

extrenely high quality. 

4. Brjief Description of the Drawings 

Pig. 1 is a perspective view showing an outward 

appearance of an embodiment of a flat-panel display device 

according to the present invention, Fig, 2 is a perspective 
i 

view Explaining the internal structure of the flat-panel 
display device shown in Fig. 1, Fig. 3 is an enlarged cross 
sectipnal view of the principal part of the flat-panel 
displky device shown in Fig. 1, and Fig. 4 is an explanatory 

i 

view Showing an example of a drift phenomenon of the cut-off 

characteristic in a case where voltages to be applied to 

i 

first! and second electrodes are respectively indicated by 
the vertical and horizontal axes. 

8 _ a rear substrate 13 _ coil heaters 

\LS, 17, 19, 21 „. insulating spacers 
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16 first electrodes 
20 .« a third electrode 
24 _ pixels 



18 ~ second electrodes 
22 _ a metal-backed layer 
25 « a flat panel 
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